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per channel, whereas the system 10 of FIG. 1 uses one 
regenerator 59 and two transponders 57 and 84 per channel. 

llie operation of the system 110 shown in FIG. 4 is similar 
to the operation described above for the system 10 of FIG. 
1. Accordingly, a separate detailed explanation of the opera- 
tion of the system 110 is believed to be unnecessary. The 
system 110 would respond to a break at 191 in the trans- 
mission line 127 in a manner comparable to that described 
above for the break 91 in the transmission line 27 of the 
system 10 of FIG. 1. 

The present invention has a number of technical advan- 
tages. One such technical advantage is the provision, at an 
optical level, of protection capability for optical signals, 
which facilitates an increase in reliability for optical trans- 
missions. A related technical advantage is that this is pro- 
vided in the context of an optical add/drop multiplexer. 

Yet antJlher technical advantage is that capability is pro- 
vided for optically switching between working and protected 
paths on a wavelength-by-wavelength basis, rather than 
switching an entire WDM signal. This in turn permits a 
system operator to selectively specify that traffic on certain 
wavelengths of the protected path is no n -preempt able unpro- 
tected traCEc (NUT), while permitting traffic on other wave- 
lengths of the protection path to be selectively preempted. 
Still another advantage is that, in one disclosed embodiment, 
only one regenerator and one transponder arc needed for 
each wavelength or channel in a given optica! add/drop 
multiplexer. Another technical advantage is the provision of 
an embodiment in which add terminals and drop terminals of 
a multiplexer are coupled to optical switching units that also 
implement protection switching, thereby avoiding the need 30 
to provide .separate optical couplers and optical filters to 
implement adding and dropping of signals, which in turn 
reduces the overall hardware in the add/drop multiplexer, 
and thus its cost. 
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a plurality of switching units each having first and second 
inputs and first and second outputs, each said switching 
unit being capable of optically coupling said first output 
thereof to a selected one of said first and second inputs 
thereof, and being capable of optically coupling said 
second output thereof to a selected one of said first and 
second inputs thereof, wherein said outputs of said 
demultiplexer are each coupled to said first input of a 
respective said switching unit, said protection input 
terminals are each coupled to said second input of a 
respective said switching unit, and said protection 
output terminals are each coupled to said second output 
of a respective said switching unit; 

a multiplexer having an output coupled to said optical 
output terminal, and having a plurality of inputs which 
are each coupled to said first output of a respective said 
switching unit, said multiplexer being operable lo opti- 
cally multiplex onto said output respective optical 
component signals present at each of said inputs 
thereof; 

an optical drop coupler coupled between said optical input 
terminal and said demultiplexer, said optical drop cou- 
pler being operable to forward a first copy of said input 
' signal to said demultiplexer and to drop a second copy 
of said input signal; and 

one or more drop terminals each operable to receive a 
respective one of said optical component signals 
included in said second copy of said optical signal 
dropped by said optical drop coupler. 
2. An apparatus according to claim 1, wherein each said 
switching unit includes a first optical switch having first and 
second inputs respectively coupled to said first and second 



inputs of the switching unit, and having fir st and second 
outputs respectively coupled to said first and^utpuLs ot the 
Although certain selected embodiments have been illus- 35 sY^jtching unit. 

3, An apparatus according to claim 1, wherein each said 



trated and described in detail, it will be recognized that 
various substitutions and alterations can be made therein 
without departing from the scope of the present invention. 
For example, it will be recognized that certain components 
and configurations of components have been used in the 40 
disclosed embodiments in order to realize certain functions, 
but that other components and/or configurations of compo- 
nents could be used to achieve these same functions. It will 
also be recognized that direct connections disclosed herein 
could be altered, such that two disclosed components would 
be coupled to one another through an intermediate compo- 
nent or components, without being directly connected, while 
still realizing the present invention. Other substitutions and 
alterations are also possible without departing from the spirit 
and .scope of the present invention, as defined by the 
following claims. 
What is claimed is: 

1. An apparatus, comprising a multiplexing unit which 
includes: 

an optical input terminal to which can be applied an 
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switching unit includes a third output, and is capable of 
optically coupling said third output to a selected one of said 
first and second inputs. 

4. An apparatus according to claim 3, wherein each said 
switching unit includes: 

a first optical switch having first and second inputs 
respectively coupled to said first and second inputs of 
the switching unit, having a first output coupled to said 
first output of the switching unit, and having a second 
output; and 

a second optical switch having an input coupled to said 
second output of said first optical switch, and having 
first and second outputs which are respectively coupled 
to said second and third outputs of the switching unit, 

5. An apparatus according to claim 1, wherein said 
multiplexing unit further includes one or more optical fillers 
each operable to extract from said second copy of said input 
signal and supply to a respective drop terminal a respective 

optical input signal that includes a plurality of optical one of said component signals of said second copy of said 
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component signals which are different; 

an optical output terminal at which said multiplexing unit 
produces an optical output signal; 

a plurality of protection input terminals; 

a plurality of protection output terminals; 

a demultiplexer having an input coupled to said optical 
input terminal, and having a plurality of outputs, said 
demultiplexer being operable to optically isolate the 
component signals of the input signal, and to optically 65 
supply each of the isolated component signals to a 
respective one of said outputs thereof; 



input signal. 

6, An apparatus, comprising a multiplexing unit which 
includes: 

an optical input terminal to which can be applied an 
optical input signal that includes a pluraHty of optical 
component signals which are different; 

an optical output terminal at which said multiplexing unit 
produces an optical output signal; 

a plurality of protection input terminals; 

a plurality of protection output terminals; 

a further terminal; 
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demultiplexer are each coupled to said first input of a 
respective said switching unit, said protection input 
terminals are each coupled to said second input of a 
respective said switching unit, and said protection 
output terminals are each coupled to said second output 
of a respective said switching unit; 

a multiplexer having an output ctjupled to said optical 
output terminal, and having a plurality of inputs which 
arc each coupled to said first output of a respective said 
switching unit, said multiplexer being operable to opti- 
cally multiplex onto said output respective optical 
component signals present at each of said inputs 
thereof; 

an optical add coupler coupled between said multiplexer 
and said optical output terminal; and 

one or more add terminals each coupled to said optical 
add coupler; 

wherein said optical add coupler is operable to optically 
combine optical signals from said output of said mul- 
tiplexer and from said add terminals in order to obtain 
said optical output signal for said optical output termi- 
nal. 

9. An apparatus according to claim 8, wherein each" said 
switching unit includes a first optical switch having first and 
second inputs respectively coupled to said first and second 
inputs of the switching unit, and having first and second 
outputs respectively coupled to said first ancLputputs of the 
switching unit. ~- ' 

10. An apparatus according to claim 8, wherein each said 
switching unit includes a third output, and is capable of 
optically coupling said third output to a selected one of said 
first and second inputs. 

11. Ati apparatus according to claim 10, wherein each said 
switching unit includes: 

a first optical switch having first and second inputs 
respectively coupled to said first and second inputs of 
the switching unit, having a first output coupled to said 
first output of the switching unit, and having a second 
output; and 

a second optical switch having an input coupled to said 
second output of said first optical switch, and having 
first and second outputs which are respectively coupled 
to said second and third outputs of the switching unit. 

12. An apparatus according to claim 8, wherein said 
multiplexing unit includes: 

an optical drop coupler coupled between said optical input 
terminal and said demultiplexer, said optical drop cou- 
pler being operable to forward a first copy of said input 
signal to said demultiplexer and to drop a second copy 
of said input signal; and 

one or more drop terminals each operable to receive a 
respective one of said optical component signals 
included in said second copy of said optical signal 
dropped by said optical drop coupler. 
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13. An apparatus, comprising first and second multiplex- 
ing units which each include: 

an optical input terminal to which can be applied a 
respective optical input signal that includes a plurality 
of optical component signals which are dilTerenl; 

an optical output terminal at which said multiplexing unit 

produces an optical output signal; 
a plurality of protection input terminals; 
a plurality of protection output terminals; 
a demultiplexer having an input coupled to said optical 
input terminal, and having a plurality of outputs, said 
demultiplexer being operable to optically isolate the 
component signals of the input signal, and to optically 
supply each of the isolated component signals to a 
respective one of said outputs thereof; 

a plurality of switching units each having first and second 
inputs and first and second outputs, each said switching 
unit being capable of optically coupling said first output 
thereof to a selected one of said first and second inputs 
thereof, and being capable of optically coupling said 
second output thereof to a selected one of said first and 
second inputs thereof, wherein said outputs of said 
demultiplexer are each coupled to said first input of a 
respective said switching unit, said protection input 
terminals are each coupled to said second input of a 
respective said switching unit, and said protection 
^^^^^utput terminals are each coupled to said second output 
of a respective said switching unit; 

a multiplexer having an output coupled to said optical 
output terminal, and having a plurality of inputs which 
are each coupled to said first output of a respective said 
switching unit, said multiplexer being operable to opti- 
cally multiplex onto said output respective optical 
component signals present at each of said inputs 
thereof; 

an optical add coupler coupled between said multiplexer 

and said optical output terminal; and 
one or more add terminals each coupled to said optical 
add coupler; 

wherein said optical add coupler is operable to optically 
combine optical signals from said output of said mul- 
tiplexer and from said add terminals in order to obtain 
said optical output signal for said optical output termi- 
nal; 

wherein said protection output terminals of said first 
multiplexing unit are each coupled to a respective said 
protection input terminal of said second multiplexing 
unit, and said protection output terminals of said sec- 
ond muhiplexing unit are each coupled to a respective 
said protection input terminal of said first multiplexing 
unit. 
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